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Electrometallurgy-I* 
Modern Methods for Producing and Refining Various Metals 

I WISH to clear the ground first with a few advance 
remarks as to what electrometallurgy is. One defini
tion of metallurgy is, "The art of making money out of 
Ol'es." The technical definition is, '''rhe art of extract
ing metals out of ores and refining them to the purity 
required by everyday use." Metallurgical operations 
are mostly chemical operations. Ores, with a few 
exceptions, contain the metals as compounds, and not 
::n their native state. Therefore, it is usually a matter 
of decomposing the compound, as easily and cheaply 
as it can be done, by means of chemical reagents. Elec
trometallurgy is the art of utilizing the electric current 
in obtaining metals from their ores, or in refining them 
for industrial purposes. 

The main divisions of electrometallurgy are, first, 
the electrolytic methods, and, second, the electro-ther
mal: 

I. Electrolytic Methods.-1. Aqueous solutions: (A) 
Soluble anodes-electroplating, Au,' Ag, Ni, brass; elec
tro-refining, Cu, Pb, Ag, Au, Bi, Sb, Zn. (B) Insoluble 
anodes-extraction from solution, Cu, Zn, Au, Ag; 
cathodic reduction, Pb. 2. Fused salts (electrolytic 
furnaces) : (A) Simple salts, N a, Ca, Mg, Ce, Zn; (B) 
solutions in fused baths, AI. 

11.-Electro-thermal Methods (Electric Furnaces) .-
1. ]'usion of metals or alloys-steel, brass, bronze, 
aluminum. 2. Reduction of compounds to metals or 
alloys-B, Si, Mn, Zn, ferro-alloys, pig iron, pig steel. 

Electric current can be utilized for electrolytically 
decomposing chemical compounds. The electro-thermal 
method is that in which the current is used for its 
heating power only, and in which some other agent 
does the decomposing. These two are very distinct 
from each other, and I will spend a few minutes in 
emphasizing the difference between them. 

In the electrolytic method you depend upon the elec

trolytic decomposing power of the current. You neces

sarily have to use a direct current except where the 

electric cell itself rectifies the current, which is very 

exceptional. In all practical electrolytic operations, 

only d irect current is used. In electro-thermal work, 

where the current is used for its heating power only, 

direct current or alternating current may be used. Al

ternating current is cheaper and does not give the in

direct 
'
effects that a direct current will give, for with 

direct current in an electric furnace you usually have 

undesired one-sided effects at the electrodes. 
In the electrolytic furnace, the amount of useful 

work done, as measured by the amount of the product, 
is proportional to the amperes of the current which 
pass, according to the laws discovered by Faraday. 
When you are passing a current through an electro
lytic cell, the amount of product is independent of the 
volts whieh may be expended on the cell, and is de
pendent only upon the amperes. It is only secondarily 
that the volts used affect the amount of product which 
can be obtained by forcing through more amperes. It 
is easy to calculate the theoretical amount which you 
should get at 100 per cent ampere efficiency upon the 
amperes flowing through any electrolytic cell. 

In electro-thermal work, the heat-energy of the cur
rent is that which is utilized, and the heat effect is 
proportional to the amperes multiplied by the volts, 
so that the product will be proportional to and deter
mined by the amount of energy which is expended 
upon the furnace as measured by the Killowatt hour 
meter. The two processes are thus seen to be essen
tially distinct in these two fundamental ways. A third 
distinction may also be drawn between them-that in 
the electrolytic apparatus you must have an anode and 
a cathode arranged for proper electrolysis, and proper 
arrangements for the escape of. the gaseous products 
at the cathode. In the electro-thermal methods you 
have no such distinction of parts. There may be 
electrodes, or the terminals or poles; but they are not 
positive and negative, they are not anode and cathode, 
and there is no arrangement of the cell which copies 
or duplicates the electrolytic arrangement which is 
necessarily part of an electrolytic operation. 

I will discuss now why the electrolysis of fused salts 
is sometimes classed erroneously under the electric 
furnace methods. Fused salts generally conduct cur
rent freely. Their order of resistivity is that of a 
well-conducting aqueous solution like the best conduct
ing sulphuric acid, something like one to three ohms 
per centimeter cube. When you pass the current through 
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and decompose fused salts, the operation is primarily 
electrolytic-the decomposition of affused salt to obtain 
its ingredients. However, you cannot pass an electric 
current through any solution, or, in fact, through any 
material, without generating some heat by the passage 
of the current. If you electrolyze with an intense 
current you generate much heat, and you may reach a 

point where the internal heat generated by the passage 
of the current is so large as to keep the electrolyte 
melted without the assistance of the external heat with 
which you started the operation. By running the 
operation with an intense current, it is possible to get 
the salt melted, and keep it so, without the aid of 
electrolysis, thus incidentally generating enough heat 
to keep the salt liquid at the temperature at whicb 
you mn-300 deg., 400 deg., or 1,000 deg. Cent.-sucb 
as when producing aluminum, etc.; and by regulating 
the current you can keep the temperature just at the 
desired point. Many writers have been muddled on 
this point, and have thought that when outside heat 
is dispensed with, you then have a furnace, and they 
have classed these with electric-furnace processes. That 
is taking them away from where they properly belong. 
'['he fact that the operation is essentially electrolytic 
is not affected by the fact that the heat generated part
ly suffices to keep the bath melted, and whether the 
heat generated keeps the bath melted, or whether you 
have even to cool it down, that does not affect the 
classification: it is l)ot an electric-furnace process. I 
would ask you, when you read about electrometallurgi
cal processes, that you will bear that in mind-that 
the electrolysis of fused salt, when the current supply 
i� sufficient to keep it fused, is necessarily an electro
lytic operation. Some people think that when you are 
conducting an operation requiring a higher tempera
ture than the ordinary one, you necessarily have an 
electric furnace. This difficulty has been solved by 
using the term "electrolytic furnace" for an operation 
ot' this kind, where the electric current performs elec
trolysis and also supplies all the heat necessary to keep 
the salt melted. 

'{'aking up riow the different· methods of electrometal· 
lurgy, starting with the use of aqueous solutions among 
the electrolytic methods, when the only source of elec
tric current was the battery, the plating of silver, brass, 
etc., and other metals by means of an aqueous solution 
and electric current was the only branch developea 
IDikington brothers, in England, were the best known 
platers of gold, silver, and other metals, using aqueous 
solutions to do electroplating. According to my defini
tion, electroplating with pure metal used as an anode 
would not be included in electrometallurgy, and I 
should say at the present time that electroplating with 
a pure metallic anode is not an electrometallurgical op
eration in the strict sense. I mention this because in 
the early days, when the battery only was used as a 
source of current, electroplating was called electro
metallurgy. In Mr. Shaw's first book, he assumes that 
electro metallurgy means nothing more than the plating 
of the metals, the duplicating of medals and coins, 
starting with a pure metal as anode, and simply chang
ing its form and plating it over. From the old books 
up to the present you will find much in them about 
electroplating, or, in general galvanoplastics, the art 
of changing the form of a metal. Elkington Brothers, 
who were plating gold and silver, were the first to 
utilize this principle for refining copper, away back 
about 1865. When the first dynamo was invented
the first machine of Wilde-there arose the possibility 
of using impure copper as an anode, and plating 
out pure copper, thus saving all the gold and silver 
contained in the impure copper. That was the first 
process by which it was possible to extract gold and 
silver from the metallic copper when they were present 
in very small amounts, and the process owed its com
mercial success to treating cheap impure copper, sav
ing the gold and silver, and at the same time obtain
ing a very pure copper at the cathode. That is a real 
electrometallurgical operation. It has a few funda
mental principles, which I will set forth as concisely 
as I can. 

To electrolytically refine impure metal, you must 
choose as electrolyte a soluble salt in solution-such 
that the actual metal you desire to get will go into 
the solution-and thf'n you must use a depositing cur
rent of f!Uch quality and quantity that you deposit only 
the desired metal out of solution. When you take 
Impure copper lUI anode, and thus electrolyze it, there 
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remain undissolved, at the anode, the gold, the silver, 
the platinum, little specks of slag and matte, and parti
cles of copper, which drop to the bottom. 'rhis anode 
lIlud will frequently be 50 per cent copper and 30 or 
40 per cent silver and gold. The iron, nickel, zinc, 
cobalt, tin, and a number of oWer metals have gone 
into the solution. The current-density at the cathode 
must be high enough to deposit the copper, but low 
enough to let the impurities accumulate in the solution, 
whence they have to be removed by other means. Those 
principles are the foundation of the entire copper-refin
ing industry, by means of which about 900,000,000 
pounds of copper per year are refined for use in this 
country, the value running over one hundred millions of 

, dollars. Similar principles are used for refining lead. 
li'or instance, Dr. Keith, of Philadelphia, worked out 
a very satisfactory laboratory process for refining lead 
many years ago. It was not satisfactory commercially, 
however; but in later years the problem has been 
solved by Mr. Anson G. Betts, and there are two or 
three such plants in operation in this country and 
abroad giving us a lead of very high purity, free from 
silver and gold, and particularly fJ;ee from bismuth, 
which is one of the most difficult elements to get out 
of lead by ordinary refining processes. Bismuth re
mains behind in the slimes in such shape that it can 
be purified, and this process has increased very greatly 
the output of bismuth in this country. The lead is so 
free from bismuth that it commands a high price, be
ing particularly desirable in the manufacture of white 
lead, for a trace of bismuth in white lead spoils its 
color. 

Another element which is being electrolytically re
fined is zinc, which is more diflicult to refine than cop
per or lead. There is also less margin commercially 
than there is for refining copper, and there is no gold 
or silver in it, whose saving pays for part of the 
operation, so the refining of it is not as profitable as 
that of copper. 

'l'he electrolytic refining of silver was first made prac
ticable by Moebius. 'l'aking as anode the silver bullion 
which comes from the cupellation furnace, the silver, 
copper, and iron go into solution, while the gold and 
platinum remaining are not dissolved. By properly 
regulating the depositing current, only pure silver is 
depositeu. Silver of the greatest commercial purity 
is made in this way. Gold is electrolytically refined 
on the same general principles, but with differences in 
detail, by tbe Wohlwill process. The process was 
worked out at the Deutsche Gild und Silber Scheide 
Anstalt in Hamburg. A solution of chloride of gold, 
electrolyzed with a sheet of gold as anode, gives off 
chlorine into the air, and the anode is not dissolved. 
If you add hydrochloric acid to that solution, making 
a strongly acid solution, there comes a point where the 
escape of chlorine gets less and less, until its escape 
is prevented altogether, and the gold anode dissoh'es 
perfectly. That process was first put into operation 
in America, at our Philadelphia Mint. I believe the 
electrolytic plant has since been moved to the assay 
office in New York. The gold, platinum, and copper 
go into solution, while the silver forms chloride and 
remains undissolved. By using a proper depositing 
current, pure gold is obtained. The gold beaters say 
they are getting much better results now from this 
commercial gold, because it is better than they were 
able to procure before by the acid chemical processes. 
'l'he platinum is recovered from solution by a simple 
chemical operation, so that the platinum that used 
to stay with the gold and be lost is now saved. 

Besides tin, lead, silver, copper, and gold, I believe 
there are other metals to which the electrolytic re
fining process is quite applicable. 'l'his is a large field, 
in which electrometallurgists are already working. An
timony and tin, for instance, have been worked on in 
this way. The general principles eltplained are applied, 
with differences in detail, to each one of the metals, 
enabling one to obtain the purest metals that have 
ever been put on the market. If you electrolyze a 
s�)lution with an insoluble anode, you can extract the 
metal from the solution without replacing it by metal 
from the anode. 'l'here are a number of promising 
electrometallurgical processes included in this class of 
electrolytic processes. 

1. When you dissolve the gold from gold ore in 
potassium-cyanide solution, the next problem is to get 
it out of solution. The way this is usually done is by 

chemical depOSition by means of zinc. The electro. 



June 12, 1915 SCIENTIFIC AMERICAN SUPPLEMENT No_ 2058 379 

metallurgical method of extracting gold out of 
solution was used by Siemens and Halske in South 
Africa; but that method has had a hard struggle 
to compete with ordinary precipitation by zinc. Silver 
goes with the gold when it is deposited from a 
cyanide solution. If you look at the water in a 
copper mine, you wiII find it is frequently colored blue 
by sulphate of copper. That solution is usually run 
over scrap iron or pig iron to deposit the copper by a 
chemical reaction; but if you are handling solutions 
where iron is not available, it is possible to electrolyze 
it with an insoluble anode and throw down the copper, 
quite pure, on the cathode. 

This year we have had news in the technical press of 
a very great development in this method of working in 
Chile. The Guggenheim's Ohile Exploration Oompany 
has uncovered a large deposit of copper ore near Anto
fogasta which is soluble in dilute sulphuric acid. The 
ore is treated by dilute sulphuric acid, and, by electro
lyzing the solution by insoluble anodes, the sulphuric 
acil! for further treatment is regained. The main crux 
of that question was to find an insoluble anode which 

Cobalt Steel * 

A New Material for Accelerating Machine Tool Speeds 
and Output 

AT the present time, when the need for increasing the 
output of our factories is so urgent, it is natural that 
ellgineers should be prepared to give attention to any 
practical suggestions that may lead to increased output. 

One of these is that the merits of a comparatively 
new commercial product, cobalt steel, should be given a 
trial. Recent experiments have shown that tool steel 
made of a suitable alloy of iron, carbon, and cobalt is 
capable of speeding up to a remarkable degree any work 
in connection with the production of war material so 
far as turning, planing, slotting, drilling, and milling of 
iron and steel is concerned. 

This special steel has been tested in America against 
a vanadium steel, the test being witli %-inch diameter 
twist-drill. The cobalt steel drill made 15,200 holes be
fore the drill required to be ground, the hole depth 
being % inch through a malleable casting, and the drill 
running at 820 revolutions per minute under a large 
stream of oil. No other alloy steel drill could do better 
than 2,200 holes under- similar conditions before re
grinding. Such results are what would be expected 
after a scientific examination of the properties of alloy 
steels. 

As Profs. J. O. Arnold, F.R.S., and A. A. Read, D.Met., 
state in the course of their well-timed paper on "The 
Ohemical and Mechanical Relations of Iron, Oobalt, and 
Carbon," read at the last meeting of the Institution of 
Mechanical Engineers, scientific opinion as expressed by 
Sir Robert Hadfield, a cobalt-steel pioneer, is that the 
action of cobalt resembles that of nickel in raising the 
elastic limit and maximum stress of the material. The 
famous French metallurgist, M. Guillet, also found that 
"the presence of cobalt slowly raises the tensile strength 
and the elastic limit, while the elongation and reduction 
of area are diminished." The professor's own experi
ments proved that, with equal carbons, the tenacity of 
the steels, as measured by the yield-points and maxi
mum stresses, increases with the cobalt, while the duc
tility, as measured by the elongation per cent, corre
spondingly falls. 

Oobalt, they find, does not form a definite solid solu
tion, or cobaltide of iron like that formed by nickel, 
which, with only 0.1 per cent of carbon present, regis
ters a maximum stress of about ninety tons per square 
inch associated with a reduction of area of 45 per cent. 
An alloy containing a bout 13 per cent of nickel and 0.6 
per cent of carbon is so hard that it is impossible to 
machine it, whereas in a series of cobalt steels in which 
the carbon ranged from 0.62 to 0.93 per cent and the 
cobalt from 2.7 to 20.9 per cent, all the alloys, without 
any annealing, machined with the greatest ease. 

The heat treatment of cobalt steel is simpler than 
that of any other high-speed tool steel. Thus the forg
ing of tools is done at a yellow heat, and hardening is 
effected merely by heating up the tool to a white heat 
and allowing it to cool in the open air. Super-heating 
to a fusing point is entirely unnecessary with cobalt 
steel and quenching in the usual media, such as air
blast, tallow, whale or linseed oil, molten lead, petrol
eum, or water, is not required. By obviating heating 
the tool up to the fusing point it is clear that grinding 
costs will be considerably reduced. 

The Germans have recognized the merits of cobalt 
steel, and in a report just published by the Manchester 
Association of Engineers on "Past Experimental Work 
on Cutting Tools" we find Prof. G. Schleisinger of-Char
lottenburg arriving at the conclusion that "the employ
ment of cobalt in the production of high-speed steels Is 
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would not be attacked. Lead was used; but it forms 
lead peroxide, and gradually falls to pieces. A high
silicon iron was used; but that gradually falls to 
pieces. In Germany they are now casting magnetic 
oxide of iron (Fe30.) into the shape of anodes, and 
using them successfully. They are about the shape of 
flattened baseball bats, hollow inside, with the walls 
a little over one-fourth of an inch thick. They are 
made in Frankfort-on-Main by the Griesheim Elektron 
Company. The Ohile Exploration Oompany gave the 
F'rankfort firm one order for $90,000 of these electrodes. 
It is interesting to consider that when they are im
mersed in the solution, the magnetite itself not being 
a good conductor, you would have considerable resist
ance in passing current down to the lower end. This 
is obviated by electro-depositing a shell of copper on 
the inside surface, fastening copper strips at the top 
to conduct the current into the inside shell, and then 
the only resistance which the current meets is about 
one-fourth of an inch of the magnetite to get from 
the inside to the outside. This work was described by 
Mr. E. A. OapeIIin Smith in New York before the 

followed by a remarkable increase in the cutting power 
and durability, without increasing the purchasing price 
above the average market price," which is about 3s 9d 
per pound. 

How cobalt steel may be produced, according to Profs. 
Arnold and Read, is by melting together in suitable 
proportions ingots of pure cobalt, Swedish bar iron, and 
Swedish white iron, afterward adding pure metallic 
manganese and aluminium ten minutes before teeming. 
In their recent experiments, to which reference has 
already been made, the steels were cast into square 
molds, the ingots afterward being re-heated and ham
mered down into 1-inch round bars. 

The advent of cobalt as a most valuable engineering 
material affords another example, along with tungsten 
and molybdenum, of the way in which what may be 
termed "chemical curiosity" metals have come to be of 
great industrial importance. 

Until a few years ago cobalt had little use beyond 
forming the base of the pigment known as cobalt blue. 
In fact, as recently as 1912 a standard scientific work 
of reference could only record that "metallic cobalt is 
not at present used to any extent in the arts, though 
its utility is becoming more fully recognized." 

The metal, which is similar in properties to iron, has 
a brilliant silver-white appearance when polished, and 
like iron is very magnetic, being, in fact, next to iron 
on the list of magnetic metals. It melts at 1,490 deg. 
C€'nt., as compared with 1,520 degrees for iron, while 
it" specific gravity of 8.8 is well above that of iron, 
which is 7.8. 

Oanada is the world's principal producer of cobalt, 
practically all the cobalt of commerce emanating from 
the neighborhood of the town of Oobalt, which is situ
ated in North Ontario, near the shores of Lake Tama
gaminque. The deposits, which were only recently dis
c()vered, are immensely rich also in silver. 

At first the owners of the deposits in Ontario did not 
trouble much about the cobalt, though this often 
amounted to as much as 18 per cent of the total, and it 
was r�garded rather as a nuisance, as it interfered 
,,,,ith the ;o;1lvcr extraction. It soon became obvious, 
however, to the Oanadian - Department of Mines that 
cobalt had a new economic importance in view of its 
effect on steel. 'I'he director of the department, Dr. 
Eugene Haanel, therefore had an investigation made 
into the methods for preparing metallic cobalt from the 
oxide. The results of this investigation have recently 
been published, the necessary researches having been 
made at the School of Mining in Queen's University, 
Kingston, Ontario, in the course of which considerable 
quantities of pure metal were satisfactorily produced 
by one or other of the four methods adopted. 

PREPARATION m' THE METAL. 

These methods are all based on the reduction of 
commercial cobalt oxide, the reducing media in the 
feur methods being, respectively, carbon, hydrogen gas, 
carbon monoxide gas, and aluminium. In the case of 
carbon, which is heated with the cobalt oxide in a 
crucible by electricity, it was found possible with a 
small laboratory plant to reduce enough oxide to make 
5t, pounds of the metal in an eight-hour day with the 
furnace absorbing 12 kilowatts. Thus, on a commer
cial basis, the power charge for effecting this reduction 
would be small. The hydrogen reduction experiments 
consiste.d in placing an alundum boat, containing a 
weighed amount of dried cobalt oxide, in an electric 
resister furnace, maintaining its temperature therein 
constant for a definite length of time, during which a 
stream of hydrogen was passed through the furnace. It 
was found that the reduction to metallic cobalt taketil 
place very rapidly at all temperatures above 500 deg. 
Cent., and the method is especially recommended tor 
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American Electrochemical Society at its twenty-fifth 
general meeting in April last. That was the first pub
lic description of the operations in detail. That plant 
is designed to treat 6,000 tons of ore a day. An im
mense body of ore is available for treatment by this 
method. 

You can get an idea of the importance of these meth
ods of electrolysis with insoluble anodes from the few 
instances given. These magnetite anodes may also be 
quite useful in other electrolytic processes. In the gen
eration of oxygen, for instance, they may find it prac
ticable, for there has been trouble with anodes becoming 
corroded. I saw last Summer, in Butte, an operation 
of the same kind, of the Butte and Duluth Oompany, 
plating copper out from sulphate solution, and regain
ing the sulphuric acid for use again. The Phelps 
Dodge Company, which runs large copper mines in Ari
zona, has begun to study this method for its lowest 
grade of ores, and the main solution of this question 
rests on the use of insoluble anodes of fused mag
netite. 

(To be concluded.) 

the production of moderate quantities of very pure, 
carbon-free cobalt for special purposes, just as it has 
been used for the production of metallic tungsten. 

The carbon monoxide experiments differed but little 
in general outline from the above, except in the nature 
of the gas. The reduction took place very quickly after 
a temperature of 600 deg. Oent. had been reached. 
Where producer-gas is available it should offer a cheap 
and efficient means of producing large quantities of 
pure metallic cobalt from the oxide. 

The aluminium method of cobalt production is prob
ably the most interesting, but hardly the cheapest, 
though it is practically essential when absolutely 
carbon-free metal is required. To effect the desired 
reduction, 5 to 10 pounds of finely divided cobalt oxide 
icl mixed with powdered aluminium, and the whole 
placed in a conical welding furnace of the Thermit type. 
The reaction is started by lighting a fuse of finely 
divided aluminium and potassium chlorate rolled in a 
piece of tissue paper. The furnace fires with great 
violence and the contents are raised to a white heat. 

The aluminium reduces the cQbalt oxide, and oxide of 
aluminium is formed. One pound of aluminium will 
reduce and melt in this way two pounds of metallic 
cobalt. Therefore, there is a charge of about 9d in the 
form of one pound of metallic aluminium, for the power 
needed to reduce and melt two pounds of metallic 
cobalt. There might, of course, be some return for the 
fused aluminium oxide resulting from the process, but 
even allowing for this the costs are high compared with 
the carbon and carbon monoxide methods of reduction, 
to which reference has already been made. 

H is obvious that the heating costs must be high by 
the aluminium method, for heat is being supplied at a 
temperature greater than 2,100 deg. Cent., that is at a 
temperature far in excess of what is required for the 
reduction of the oxide and the melting of the metal, 
and with consequent attendant increased losses, due to 
conduction and radiation. 

The initiation of these investigations, as well as the 
thorough manner in which they were carried out, re
flects great credit on the Canadian Department of 
Mines, and it is to be hoped that the enterprise will be 
rewarded by an ever-increasing demand for a metal of 
which the empire appears to possess unlimited supplies, 
and of which the use may be expected to grow rapidly, 
now that engineers are realizing the value of cobalt 
steels. 

Measurement of Short Intervals of Time 
IN conducting delicate scientific investigations it if': 

frequently necessary to be a ble to measure very short 
intervals of time, or to be able to break two separate 
electric circuits in succession, but with a definite, pre
determined interval of time that can be accurately con
trolled and reproduceable. How this can be done is ex
plained by J. Coulson in the Phys. Rev., 4 Ser. 2, P. 40, 
where he describes a simple apparatus that he has de
vised. The apparatus is based on the principle that if 
a massive weight, falling freely under gravity, strikes 
a collar on a metal rod which is supported vertically, 
an elastic wave or impulse travels out along the rod in 
each direction from the collar with a finite velocity. If 
the impact takes place at the middle of the rod, these 
waves will, of course, reach the ends of the rod at the 
same time. If, however, the point at which the impact 
occurs be not at the middle of the rod, the impulses 
will reach the ends at times that differ by an interval 
which will depend on the path-djJferences. In this way 
controllable time intervals extending over a consider
able range may be secured, and can easily be measured 

with the aid ot proper apparatus, 
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